The Leishmania surface glycoprotein gp63 binds to complement receptor type 3 on the macrophage surface. Antibody raised against a synthetic peptide containing the Arg-Gly-Asp region of the amino acid sequence of gp63 recognizes both gp63 and the ot-chain of human C3. Monovalent Fab fragments from this antibody block gp63-mediated binding to macrophages.
The attachment of Leishmania promastigotes to macrophages is a receptor-mediated event (5, 8) . Recently, two abundant molecules on the promastigote surface, glycoprotein gp3 (4, 16, 17) and glycolipid lipophosphoglycan (7) , have been shown to independently mediate binding to macrQphages. Studies conducted with intact promastigotes have implicated a range of receptors on the macrophage surface in attachment, including the mannosyl-fucosyl receptor (6, 18) and the receptor for the C3bi form of C3 (CR3) (1, 9) . We have started matching ligands to their respective receptors, employing a particle capable of carrying individual parasite surface components (17) . Experiments with gp63-coated beads (Bgp63) have shown that the parasite glycoprotein binds directly to complement receptor CR3 (17) . CR3 recognizes similar Arg-Gly-Asp (RGD)-containing regions in both gp63 (3, 17) and its "natural" ligand, C3bi (20) . The RGDcontaining region of gp63 has also been implicated by Rizvi and co-workers in attachment of intact promastigotes to macrophages (13) . In this study we employ synthetic peptides based on this region of gp63 and antibodies raised against these peptides to examine the structural and functional relatedness of gp63 and C3.
Leishmania mexicana MNYC/BZ/62/M379 promastigotes were cultured in semidefined medium 79 (2), and gp63 was isolated from stationary-phase cultures as described previously (15) (16) (17) . Human monocyte-derived macrophages (MO) were purified from buffy coats, plated onto Terasaki plates, and used in attachment studies as detailed previously (17, 21) . The ligand-bearing particles used in this study were prepared by dialysis, resulting in deposition of gp63 and phospholipid onto the surface of reverse-phase high-pressure liquid chromatography beads (17) . Immunoglobulin G (IgG) beads were prepared by incubating Bgp63 in monoclonal anti-gp63 antibodies (17) . Sheep erythrocytes coated with the C3bi from of C3 (EC3bi) were prepared as described previously (21 however, their experiments were conducted with intact promastigotes and not with isolated gp63.
pep63 was coupled to keyhole limpet hemocyanin by glutaraldehyde and was inoculated into rabbits. Anti-pep63 antibody was affinity purified on a pep63-activated CH Sepharose (Pharmacia, Inc.) column. gp63 and partially purified human C3 were separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (Fig. 2 ) and transferred by electroblot to nitrocellulose membrane. The membrane was then probed first with affinity-purified anti-pep63 antibody and then with alkaline phosphatase-conjugated anti-rabbit IgG antibody. When the blot was developed, it was found that both gp63 and the ox-chain of human C3, which contains the RGD tripeptide (20) , had reacted with anti-pep63 antibody (Fig. 2) . This result demonstrates that the RGD-containing regions of gp63 and C3 show structural similarities capable of generating cross-reactive antibodies. The binding of anti-pep63 antibody to these two proteins can be titrated out with increasing concentrations of free peptide (not illustrated), confirming the specificity of anti-pep63 recognition of C3 and gp63.
The effect of anti-pep63 antibody on the binding of Bgp63 to human MO was examined by incubating Bgp63 with MO in the presence of either intact or univalent Fab fragments from the anti-pep63 antibody (Fig. 3) . Intact anti-pep63 antibody caused a slight increase in the attachment of Bgp63 to MO (Fig. 3A) . However, although there was only a small quantitative difference between the binding of Bgp63 in the presence of nonimmune antibody and binding in the presence of anti-pep63 antibody, there was a marked qualitative difference in the binding behavior. Bgp63 in anti-pep63 antibody were avidly phagocytosed, whereas Bgp63 in nonimmune antibody remained bound to the MO surface (not illustrated). This result is consistent with observations that CR3 on resting phagocytes mediates binding but not phagocytosis, whereas the Fc receptor is a strong stimulator of internalization (17, 21) . This result also indicates that Bgp63 in the presence of anti-pep63 antibody were being opsonized. In contrast, anti-pep63 Fab fragments inhibited the binding of Bgp63 to MO (Fig. 3B) presence of increasing amounts of pep63 (Fig. 4) . In the control preparation, which contained nonimmune Fab fragments, the attachment of Bgp63 remained relatively constant until the concentration of pep63 exceeded 200 ,ug/ml, from which point binding was inhibited. In contrast, the preparation containing anti-pep63 Fab fragments showed low binding of Bgp63 in the absence of free peptide. However, as the concentration of pep63 increased, so did attachment of Bgp63 to the MO, indicating that free pep63 competes for anti-pep63 Fab fragments and thus exposes the RGD-containing region of gp63 on the particle surface and promotes binding to MO. The attachment of Bgp63 in the presence of anti-pep63 antibody was also inhibited at higher concentrations of soluble peptide.
The significance of these results is twofold. First, the behavior of the anti-pep63 antibody in blocking the attachment of Bgp63 to CR3 confirms the earlier proposal that gp63 interacts with CR3 via an RGD-containing region in its primary structure (3, 17) . Second, the existence of crossreactive epitopes on gp63 and C3 is relevant to previous observations concerning the role of complement in the infection of macrophages by Leishmania promastigotes. Other investigators have demonstrated that CR3 plays a role in the binding of promastigotes to MO (1, 9) . To explain the ability of anti-C3 Fab fragments to inhibit parasite attachment in the absence of complement, Blackwell and coworkers proposed that the MO secretes complement components that opsonize the promastigotes (1, 19) . However, since gp63 and the a-chain of C3 contain cross-reactive epitopes, this result could be explained by antibody crossreactivity. In our laboratory, we examined the relative C3 acceptor activity of the two macrophage-binding ligands, gp63 and lipophosphoglycan (14) . We used polyclonal antigp63 antibody to precipitate radiolabeled C3-gp63 complexes. Because of the presence of cross-reactive epitopes, these complexes may have produced artificially high values for the amount of C3 deposited on gp63, compared with more recent results for Leishmania major lipophosphoglycan (12).
The results described here demonstrate that the structural relatedness of gp63 and C3 is responsible not only for their sharing of the same receptor (CR3) on MO (17) , but also for their generating antibodies that recognize both proteins. This result is similar to the finding of Rizvi and colleagues, who showed that antifibronectin antibody could precipitate Leishmania chagasi gp63 (13) and postulated, on the basis of RGD-peptide inhibition data, that gp63 binds to the fibronectin receptor. The arguments for and against the involvement of CR3 versus the fibronectin receptor in the binding of gp63 to macrophages are given in greater detail in two recent review articles (11; D. G. Russell, Immunol. Today, in press). The ability of anti-pep63 Fab fragments to inhibit gp63-mediated attachment to MO confirms the earlier contention (17) that the RGD-containing region of the protein recognizes CR3. However, the biological significance of the gp63-CR3 interaction during the invasion of macrophages by promastigotes is still far from clear and will remain so until the receptor(s) for lipophosphoglycan has been identified and the possible role of serum opsonins has been more fully assessed (7, 10, 12 
